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THE VALIDITY OF THE PHYSIOLOGICAL COST INDEX
AT SHORT DISTANCES
ABSTRACT
Background and Purpose. The Physiological Cost Index (PCI) 
was developed as a tool using heart rate and walking speed 
to measure energy expenditure during walking. This tool was 
developed using long distances, therefore, its validity at 
short distances is unknown. The purpose of this study was to 
determine the validity of the PCI at short distances. 
Subjects. Forty-six subjects aged 20-30 years old were 
tested. Methods. Subjects walked 600 meters around a 40 
meter oval track. Heart rate and walking speed were 
monitored at various intervals. Results. No strong 
correlation between short and long distances was found until 
80 meters (r=.B4). An r-value above .9 was not obtained 
until 160 meters. Conclusion and Discussion. In order to 
obtain a valid PCI measurement, subjects must walk a minimum 
of 80 meters. For a strong correlation subjects must walk a 
minimum of 160 meters.
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CHAPTER 1 
INTRODUCTION
Energy expenditure is a key element in gait evaluation. 
Information about gait efficiency provides clinicians with 
objective data on treatment progress, ambulatory aids 
assessment, prostheses effectiveness, surgical intervention 
outcomes, and treatment strategies effectiveness.
The standard physiological measurement of energy 
expenditure has been oxygen consumption. This is a 
metabolic assessment which determines gas volume, and gas 
concentration. Equipment includes a breathing mouthpiece, 
noseclip and multiple connecting tubes to measure expired 
air. Although this procedure is accurate, equipment is 
expensive, and cumbersome for the clinical setting.
In 1977 Astrand and Rodahl stated that heart rate (HR) 
and oxygen consumption have a linear relationship during 
submaximal workloads. A more practical and valid method of 
measuring energy expenditure has been investigated by 
MacGregor in 1979. He developed the physiological cost 
index (PCI) which incorporated HR and speed of walking to 
measure energy expenditure in ambulation. MacGregor's 
index is :
PCI (beats/meter) = Heart rate while walking - heart rate at rest(bpm)
Walking speed (meters / minute)
2Low PCI values indicate low energy expenditure, whereas high 
PCI values indicate high energy expenditure. By determining 
the energy cost of walking, the PCI can be used for many 
different purposes such as determining the effectiveness of 
anti-inflammatory drugs (Steven et al., 1983), evaluating 
orthoses (Mossberg, 1990), and measuring the severity of 
diseases (Butler, 1984).
Despite the current usefulness of the PCI, its 
potential is limited due to insufficient research. For 
example, limited PCI values exist for adults and the 
elderly. Only three studies have developed normal PCI 
values for healthy individuals aged 19-90 (Nene 1993, Rose 
1989, Butler 1984). In addition, these studies used a 
limited number of subjects. For example, Nene developed PCI 
values for adults aged 19-60 using only forty subjects
(1993). Furthermore, researchers have not addressed the 
potential for a relationship between steady state and pre­
steady state HR in determining PCI values. Prentice (1994) 
states that HR gradually adapts to meet the demands of 
exercise and plateaus (reaches steady state) in 2-3 minutes. 
Therefore, the clinical use of the PCI for short distances 
is questionable. This limits the scope of the PCI to those 
individuals who are capable of walking for 2-3 minutes or 
until steady state HR is achieved. For example, short 
distance ambulators, such as brain injured patients, would
3be excluded if they were unable to walk until steady state 
HR is achieved.
The main purpose of this study was to determine if a 
relationship exists between PCI values developed with steady 
state HR as compared to PCI values developed at various 
intervals prior to steady state HR. The second purpose was 
to determine the PCI values for a sample of university 
students between the ages of 20-30.
The authors believe that this study will benefit 
physical therapists and other health care professionals in 
the following ways: First, established baseline values for
the specific age group of 20-30 year-olds will allow 
comparison of patient's PCI values to those of non-involved 
individuals. Second, this study will aid the physical 
therapist in determining effectiveness of treatment, 
evaluating orthoses, determining patient limitations, 
documenting patient improvement and evaluating potential for 
rehabilitation through comparison to baseline values.
Third, this study will determine if physical therapists and 
other health care professionals can use the PCI as a valid 
measure in clinics where patients are unable to walk for 2-3 
minutes that is normally needed to achieve steady state HR 
(Astrand and Rodahl, 1970).
CHAPTER 2 
LITERATURE REVIEW 
Heart Rate and Oxygen Consumption
In 1979 James MacGregor presented a paper on the 
monitoring of long-term ambulation at the Proceedings of the 
Third International Symposium on Ambulatory Monitoring. In 
his paper he described a Physiological Cost Index for 
walking based on HR and walking speed. He developed this 
index as a practical means to measure energy expenditure. 
MacGregor's physiological basis comes from the linear 
relationship of HR to Oxygen consumption at submaximal 
workloads (Astrand and Rodahl, 1970).
In 1981 MacGregor continued to report on ambulatory 
monitoring. He described the development of a long-term 
ambulatory physiological surveillance device (LAPSD). This 
device recorded electrical activity of the heart, 
oscillations of the trunk, and position sense of the trunk 
and thigh in relation to gravity. MacGregor used the LAPSD 
to determine 99% confidence limits for the PCI; the limits 
were .11-.51 beats/meter using subjects preferred walking 
speed.
Besides the PCI other methods allow researchers to 
measure energy expenditure. Currently, the most accepted 
and reliable method of measuring energy expenditure or
5effort during activity is to measure the rate of oxygen 
consumption. This is usually done by measuring the 
relative concentrations of oxygen and carbon dioxide in the 
subject's expired air, while the subject is walking on a 
treadmill to volitional exhaustion. Expired gases are 
collected and analyzed. This process requires the use of 
special, often bulky equipment which includes a noseclip, 
mouthpiece, and gas measurement devices. With normal 
individuals in a controlled, laboratory environment 
equipment may not pose any problem. However, in the 
clinical setting subjects may be alarmed or hindered by the 
equipment. Therefore this method is impractical for 
clinical use.
Further research has shown HR to be a reliable 
measurement of energy expenditure and has established that 
there is a linear relationship between oxygen consumption 
and HR at submaximal workloads (Nene 1992, Rose et al. 1991, 
Stallard et al. 1978) . Rose (1989) measured HR and Oxygen 
uptake in normal children and those with cerebral palsy at 
rest and while walking on a treadmill at varying speeds.
The linear relationship was shown to be consistent with both 
normal children and those with cerebral palsy. For each 
individual there was a strong correlation (normals, r=0.98; 
cerebral palsy, r=0.99) (Rose et al. 1989). This relation­
ship between HR and oxygen consumption indicates that the 
PCI can be used as a valid measure of energy expenditure
6during normal ambulation. The most notable benefit of using 
HR to establish energy expenditure is the relative ease of 
collecting data by either taking a radial pulse or using a 
more sophisticated means such as a radio HR telemetry 
device, either of which can be conveniently used in the 
clinical setting.
Development of PCI Values
Since MacGregor's research in 1979 and 1981 different 
researchers have also developed characteristic PCI values 
for children, adolescents, adults and the elderly.
In 1984 Butler et al. produced PCI values for 72 
children ages 3 to 12 years old. Butler had the children 
walk in shoes and barefoot to develop his PCI values.
Butler reported a PCI value of M=0.38 beats/meter (standard 
deviation (SD=0.11)) while walking barefoot and a value of 
M=.4 beats/meter (SD=0.125) while walking with shoes.
Jessica Rose (1990) studied the energy expenditure 
during walking for normal children and children with 
cerebral palsy. Subjects' ages ranged from 7 to 17 years 
old. Rose walked the children on a treadmill and measured 
energy consumption through oxygen consumption and through 
the use of a HR index. She determined the HR energy 
consumption using the same formula as MacGregor but titled 
it "the energy expenditure index". Rose examined energy 
expenditure at different walking speeds and reported mean 
values of M=0.41 beats/meter {SD=Q.12) for normal children
7and M=1.38 beats/meter {SD=0.7) for children with cerebral 
palsy.
Again in 1991 Rose et al. performed a study investi­
gating the PCI values of children and adolescents. This 
time Rose et al. compared the PCI values of treadmill 
walking to floor walking. They tested 102 children aged 6- 
18 years old and reported PCI values of M=0.47 beats/meter 
{SD=0.13) for floor walking and M=.47 beats/meter (SD=0.14) 
for treadmill walking.
Nene (1993) investigated the PCI values for 54 
adolescents aged 11-16 years old and 40 adults aged 19-60 
years old. Nene reported PCI values of M=0.35 beats/meter 
iSD=0.09) for the adolescents and M=0.36 beats/meter 
{SD=0.08) for the adults.
Humerickhouse et al. (1993) studied the effects of a 
walking program for 26 elderly individuals aged 60-90 years 
old. They investigated the PCI values of both the fit and 
non-fit individuals to determine if there was a difference 
in energy expenditure during walking. Fit individuals were 
those who regularly walked at least 2 0 minutes 3 times a 
week for 6 months or more. Humerickhouse et al. reported 
PCI values of M=0.3246 beats/meter {SD=0.165) for the non­
fit and M=0.2185 beats/meter {SD=0.021) for the fit 
individuals.
In 1994 Engsberg et al. investigated several different 
energy expenditure indices and compared them to oxygen
8uptake. Subjects consisted of 13 able-bodied children and 
10 children with below knee amputations. Ages of the 
subjects ranged from 7 to 17 years old. Engsberg walked the 
children on a treadmill and produced a PCI value of W=G.24 
beats/meter for the able bodied children and M=0.41 
beats/meter for children with below knee amputees.
PCI as an Evaluation Tool
Not only has research produced PCI values for normal 
individuals, it has also used the PCI as a valuable 
evaluation tool. Researchers have evaluated the benefit of 
assistive devices, the effectiveness of different orthoses, 
determined degrees of impairment, tested the effects of 
anti-inflammatory drugs and measured the effects of an 
exercise program.
The PCI has been used as a valuable tool in determining 
the energy cost of different assistive devices. For 
example. Rose et al. (1985) studied the energy cost while 
using a cane versus a walker in children with cerebral 
palsy. Mossberg et al. (1990) examined the energy 
expenditure of walking with and without ankle-foot orthoses 
in children with cerebral palsy. In 1992 Nene et al. 
studied the energy expenditure of paraplegics using the 
ORLAU Para Walker. Their study was conducted in order to 
compare the Para walker to other types of assistive devices. 
Bowker et al. (1992) also studied paraplegic walking by
9comparing the PCI values of a reciprocating gait orthosis to 
a hip guidance orthosis.
In addition to evaluating orthoses, the PCI has also 
been used to compare energy expenditure in various patient 
populations to non-involved individuals. Engsberg et al.
(1994) compared the energy cost of children with below-knee 
amputations to able-bodied children. Engsberg's results 
showed that children with below-knee amputations expended 
more energy (M=0.41) than able-bodied children (M=0.24}. In 
addition, Loder et al. (1987) produced PCI values of W=0.47 
beats/meter for children with knee disarticulations. These 
values were compared to the normal values of ^=0.40
beats/meter developed for children by Butler et al. (1984).
The PCI has been used primarily to determine the energy 
cost of walking, but some studies have used this information 
and applied it to other areas. For example, in 1983 Steven 
et al. studied the effectiveness of two anti-inflammatory 
drugs by comparing subjects PCI values before and after drug 
therapy. A more recent study (Humerickhouse et al. 1994)
examined the energy cost of walking in order to compare fit
and non-fit elderly adults.
Despite having a firm physiological basis, research 
supporting the PCI has weaknesses. First, since MacGregor 
developed the PCI in 1979 only five studies have reported 
PCI values. Second, of those five studies only two studies 
reported values for subjects ages 19-90. In addition, those
10
two studies had only a total of 66 subjects. A third 
weakness appears in proper use of the PCI. As stated 
earlier, HR and oxygen consumption have a linear relation­
ship during submaximal levels of exercise. However, this 
relationship assumed that steady state HR had been achieved. 
As stated by Prentice, 2-3 minutes are necessary to reach 
steady state HR. Not all researchers utilizing the PCI as 
an evaluative tool have addressed steady state HR in their 
research. For example, Loder et al. (1987) while studying 
the gait of children with knee disarticulations only had 
subjects walk 7.2 meters; a steady state HR could not have 
been achieved in this distance. Another study (Nene, 1992) 
assessed paraplegic subjects as they walked along a 6.1 
meter walkway. The time required to walk the short distances 
in these studies was not sufficient to reach steady state 
HR. Thus the validity of those studies is questionable.
Methods of PCI Measurement 
In order to obtain PCI values, resting HR, exercise HR, 
and walking speed need to be measured. Over the years 
researchers have used different methods to measure HR. They 
have used varying amounts of time to determine resting HR. 
Humerickhouse (1994) established resting HR by having the 
subjects rest for two minutes. Other researchers used a 
five minute duration to determine resting HR (Rose et al. 
1990, Rose et al. 1991, Mossberg et al. 1990.) The longest 
duration used was ten minutes (Nene, 1993). In order to
11
obtain accurate resting HR values subjects were asked to 
refrain from heart rate altering substances. For example, 
Bowker et al. asked subjects to avoid food, alcohol and 
tobacco for at least two hours prior to testing (1992) .
Researchers have also used varying methods to calculate 
walking HR. Two methods have appeared in the research. 
First, several researchers monitored HR over the last 10-30 
seconds of a timed walk (Rose et al. 1991, Rose et al. 1990, 
Engsberg et al. 1994, Humerickhouse et al. 1994, Nene 1993). 
Secondly, other researchers averaged HR during the entire 
duration by taking HR measurements at 10-15 second intervals 
(Butler et al. 1984, Mossberg et al. 1990, Bowker et al.
1992) .
Three different HR monitoring methods have been used to 
obtain HR information. First, researchers have used ECG 
telemetry devices that transmit heart rate data through 
radio waves or infrared rays to a computer (Rose et al.
1991, Butler et al. 1984, Nene 1993). Secondly, they have 
used HR monitoring devices such as the POLAR units available 
for sport use (Mossberg et al. 1990, Engsberg et al. 1994, 
Bowker et al. 1992). Thirdly, Humerickhouse et al. (1994) 
obtained HR information by taking a radial puise measure­
ment .
Researchers used a variety of distances ranging from 
6.1 meters (Nene and Jennings, 1992) to 200 meters (Franks, 
Palisano and Darbee, 1991) to test their subjects. No
12
reason for the distance chosen was stated. The number of 
laps around a course also ranged from a single trip (Nene 
and Jennings, 1992) to traversing the course ten times 
(Nene, 1993) . In addition, different course patterns were 
used. Some subjects walked around an oval track (Rose et 
al., 1991), others did figure-of-eight patterns (Nene,
1993), and the shortest distance ambulators walked a 
straight line(Nene and Jennings, 1992). One study did not 
use a set distance, but instead measured distance traveled 
in a 4 minute period (Bowker et al., 1992) .
Most researchers had subjects walk at self-selected 
comfortable walking speeds (Mossberg et al., 1990 and 
Blessey et al., 1976). This proved to be the most important 
factor in determining energy expenditure (Blessey et 
al.,1976). Due to energy economy, self-selected slower than 
normal and faster than normal speeds significantly varied 
the subjects' PCI values (Rose et al., 1991) . To measure 
speed researchers used electronic gates (Nene and 
Jennings,1992), timed videotape (Bowker et al., 1992), and 
manual stopwatches (Humerickhouse et al., 1993).
In summary the authors' literature review found that 
some researchers addressed the importance of reaching steady 
state HR to determine PCI values and others did not. The 
main purpose of this study was to determine if there is a 
difference between PCI values developed with steady state HR
13
as compared to PCI values developed at various intervals 
during pre-steady state HR.
CHAPTER 3 
METHODS 
Introduction
After critically reviewing the methods of past research 
we chose methods that would best achieve the goals of this 
study. The main purpose of this study was to determine if a 
relationship exists between PCI values developed with steady 
state HR as compared to PCI values developed at various 
intervals prior to steady state HR. The second purpose was 
to determine the PCI values for a sample population of 
university students between the ages of 20-30.
Sub]acts
After receiving approval from Grand Valley State 
University's Human Subjects Review Board, volunteer subjects 
were recruited for the study by means of a flyer sent to all 
current physical therapy students. Subjects were asked on 
the flyer to sign up for a testing time on a schedule sheet 
that was provided. Researchers then confirmed the testing 
time and place, and provided instructions concerning testing 
requirements. Subjects were also recruited by the use of a
14
15
flyer posted on the outside of the door during testing 
times.
Equipment
To gather HR data a "POLAR PACER" HR monitor (Model# 
2200318) was used to monitor HR. This unit consists of a 
dual electrode chest monitor and a digital display wrist 
receiver. To ensure correct calibration of HR monitoring, 
the POLAR monitor was compared to the Quinton 3 channel EKG 
machine in the Grand Valley State University human 
performance lab. Results of 10 trials at 5 different speeds 
showed that the POLAR monitor was a valid tool for measuring 
HR. Of the ten trials, just two measurements between the 
two tools varied by only two beats per minute.
A Timex Ironman wrist watch equipped with an 8 lap 
counter was used to measure time. To ensure valid time 
measurements, two digital quartz watches (Seiko quartz 
digital and Timex Ironman quartz digital) were compared at 
various time intervals and no difference was found.
Procedures
Before testing began, subjects were asked to read and 
sign an informed consent (See Appendix A). After completing
16
the consent form, subjects completed a short screening exam 
(See Appendix B). First, researchers screened participants 
for orthopedic, neurologic, cardiovascular, and other 
pathological conditions that could affect PCI values.
Second, researchers screened subjects for caffeine or 
alcohol consumption and for participation in vigorous 
exercise within two hours prior to testing. Subjects who 
responded positively were excluded from the study. Third, 
subjects were classified as being physically fit or non-fit 
which was determined by the following standards: Those that
had been exercising for a minimum of 2 0 minutes 3 times a 
week for at least 6 months were classified as fit 
(Humerickhouse et al., 1993). This information was used to 
determine if fitness level affects PCI values.
After completing the screen, testing procedures began 
on all subjects. Researchers placed the HR monitor on the 
subjects and the receiver was attached behind the subjects 
on a belt around the waist so that the HR values could be 
monitored without the subjects seeing their heart rates.
The subjects were then instructed to sit quietly for 5 
minutes. HR was monitored during the 5 minutes and both the
17
lowest HR and the HR at the end of 5 minutes were recorded. 
Before standing to begin the test, subjects were instructed 
to walk at their preferred walking speed around a 4 0m oval 
track in the fieldhouse at Grand Valley State University.
Subjects then stood and waited 10 seconds before 
starting their test walk. After the brief pause, subjects 
began walking at their preferred speed for a total distance 
of 600 meters(m). Heart rates were recorded by researchers 
as the subjects passed the distance markers. Subjects' 
heart rate and elapsed time were recorded at 10m, 20m, 40m, 
60m, 80m, 100m, 120m, 160m, 200m, 240m, 280m, 320m, 360m, 
400m, 440m, 480m, 520m, 560m, and 600m on data collection 
forms (See Appendix C).
CHAPTER 4 
RESULTS/DATA ANALYSIS 
Subj ects
Data were collected on 50 subjects but only 46 
subjects' data were analyzed. Four subjects' data were not 
included for the following reasons. One individual's 
extremely thin body frame made it difficult to attach the 
monitoring device. After initial readings of approximately 
110 bpm, the HR dropped to 85 bpm (which was 2 bpm above 
resting HR). After six readings of 85 bpm, the HR jumped 
to 121 bpm. This subject's data were highly unusual; 
therefore, the data were not used. Three other subjects 
were excluded because they did not meet inclusion criteria 
determined by the medical health history questionnaire.
Subjects consisted of 18 males and 28 females and 
ranged in age from 2 0 to 3 0 years old with a combined mean 
age of 24.6 years and SD=2.4 years (Table 1).
Techniques
The statistical software used to analyze data was SPSS 
for Windows and Microsoft Excel for Windows. Correlations
18
19
were determined using the Pearson-Product Moment correlation 
coefficient (r) and r-squared.
Table 1
Subj. e.g-t..-P.emogr dph i ç g
Gender Number Avq. Age SD Acre Ranae
Males 18 24 . 5 2 . 7 20-29
Females 28 24 . 7 2 . 3 21-30
Total 46 24 . 6 2 . 4 20-30
The PCI values were calculated at each distance by 
using walking HR, resting HR and cumulative average walking 
speed. Resting HR was recorded as the lowest level reached 
during the 5 minute rest period. Cumulative average walking 
speed was calculated by dividing the total distance by the 
time (in minutes) taken to reach that distance. For 
example, speed calculated at 100 meters was calculated by 
dividing 100 meters by the time taken to walk 100m. The raw 
data used for PCI calculations are listed in Appendix D.
20
After PCI values were calculated, the mean and standard 
deviation were calculated for each distance. Correlations, 
(r) and r-squared, were used to determine how PCI values at 
specific distance intervals related to the PCI values at the 
target distance of 440m. Lastly, the t-test was used to 
determine whether the mean PCI values of fit versus non-fit 
subjects at short, transitional, and target distances were 
significantly different.
Results
The mean PCI values at each distance varied from M=0.28 
to M=0.42 and standard deviations ranged from SD=Q.07 to 
SD=0.11 (See Table 2). Subjects' walking speed ranged from 
1.16 m/s to 1.8 6 m/s with a mean of M=l,45 m/s and SD=0.15 
m/s .
The correlation coefficient between short distances 
(10-60m) and the target distance (440m) revealed low values 
of r=0.17 at 10m up to r=0.60 at 60m (See Table 3). The 
correlation increased to r=0.B4 at 80m, r=0.93 at 160m, and 
remained above r=0.90 for the remaining distances (See Table
3) .
The r-squared values revealed similar results (See
21
Table 2
PCI Mean and Standard Deviation Values
Distance PCI-Mean_____ SlLsl._deY,____ P..C.l-.Min---ECI-Max
lOm 0.30 0.11 0.11 0.72
20m 0.28 0.09 0.01 0.47
40m 0.37 0.10 0.04 0.69
60m 0.39 0.07 0.26 0.62
80m 0.40 0.08 0.24 0.64
100m 0.41 0.09 0.27 0.66
120m 0.41 0.09 0.24 0.66
160m 0.40 0.09 0.21 0.64
200m 0.40 0.10 0.23 0.64
240m 0.40 0.10 0.24 0.65
280m 0.40 0.09 0.26 0.65
320m 0.40 0.11 0.19 0.65
360m 0.42 0.11 0.24 0.65
400m 0.42 0.11 0.26 0.65
440m 0.41 0.11 0.22 0.68
22
Table 3). Figure 1 graphically shows these r-squared values 
at various distance intervals. At short distances of 10m- 
60m r-squared values were between r^=0.03 and r^=0.37 
respectively. The r-squared value first rose above r^~0.70 
at 80m. However, r-squared reached a peak of r'^=0.93 at 
3 60m.
The fit and non-fit groups were also examined. The 
mean PCI of the fit group was M=0.43 with 5D=0.13 (See Table
4). The non-fit group presented similar values with a PCI 
mean of M=0.40 and SD=0.11 (See Table 4). Figures 2 and 3 
graphically show the r-squared values for the fit and non­
fit at various distance intervals respectively. Figure 4 
illustrates the comparison of r-squared values for the fit 
and non-fit groups. The two-tailed t-test for the mean PCI 
values between fit and non-fit subjects showed no 
significant differences except at 60m (See Table 5). A 
value p=0.054 at 60m was the only difference between the two 
groups. One assumption of the t-test, equivalence of 
variance, was met. The second assumption, the normal 
distribution of scores, was partially met. However, the t-
Table 3
Correlation Coefficient...and r-Sauared Values
23
Distance (m) 
10 
20 
40 
60 
80 
100 
120 
160 
200 
240 
280 
320 
360 
400 
440
Correlation Coefficient bJ r-Squared
0 .17 
0.45 
0-42 
0 .60 
0.84 
0.84 
0 . 88 
0.93 
0.92 
0 . 92 
0 . 94 
0 . 91 
0 . 96 
0 . 96 
1.00
0 . 03 
0.21 
0 .18 
0 .37 
0 . 71 
0 . 71 
0 . 77 
0 . 86 
0 . 84 
0 .85 
0 . 88 
0 . 83 
0 . 93 
0 . 92 
1 . 00
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Figure 1. R-squared values at various distance intervals 
for all subjects.
test is robust and is able to account for imperfect 
distribution of scores.
To enable therapists to make quick and convenient 
comparisons of PCI values, a percentile ranking of the 
scores was developed at 80m, 160m, and 440m (See Table 6). 
The percentile ranking of PCI values at 44 0 meters are the 
following: 20th percentile PCJ=0.52, 50th percentile
PCJ=.40, and 80th percentile PCJ=0.31.
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Table 4
Mean PCI Values for Fit and Non-Fit Subjects
SX-Q.UP-
Fit
_H Mean _ S D _ Min. -Max,
Non-fit 28 0.40
18 0.43
0 .11
0.13
0.22
0.23
0 .68 
0.68
3
3
;
I(0I
o o o% g ^m Tf Tf
Distance (in meters)
Figure 2. R-squared values at various distance intervals for fit 
subjects.
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Figure 3. R-squared values at various distance intervals for 
non-fit subjects.
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I
I
c2
1
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Figure 4. Comparison of r-squared vaiues of fit to non-fit 
subjects.
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T ab l e  5
Two-tailed Significance Test of Fit Versus Non-Fit Subjects
Distance P value
10m 0 . 66
20m 0 . 55
40m 0 . 27
60m 0 . 05
80m 0.12
160m 0 . 64
440m 0 . 51
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T a b l e  6
E£2ic.e.ntilg Ranking o£ PCI Values
80 Meters 160 Meters 440 Meters
PCI S£1 %ile PCI .%ilb
0 .28 95 0.26 95 0.23 95
0.30 90 0.28 90 0.25 90
0.35 80 0.31 80 0.31 80
0.36 70 0.35 70 0 .35 70
0.38 60 0 .37 60 0.37 60
0.40 50 0.39 50 0 .40 50
0 .41 40 0.42 40 0.42 40
0.43 30 0.45 30 0.47 30
0.45 20 0.47 20 0.52 20
0.50 10 0.54 10 0.56 10
0 .57 5 0.57 5 0.65 5
CHAPTER 5 
DISCUSSION 
Discussion of Findings
The main purpose of this study was to determine if a 
relationship exists between PCI values developed with steady 
state HR as compared to those PCI values developed at 
various intervals prior to steady state HR. The results of 
this study appear to support the reliability of the PCI at 
or beyond the distance of 80 meters.
It was determined that the 8 0 meter distance was the 
shortest distance that the PCI provided an acceptable 
correlation to the PCI at the target distance. At distances 
less than 80 meters, the r-squared values dropped to r^=0.36 
and below. The r-squared value at 80 meters was r^=0.71.
The r-squared value increased to r^=0.86 at 160 meters and 
increased to r^=0.93 at 360 meters.
The second purpose of this study was to determine PCI 
values for a sample of university students aged 20-30 years. 
This study developed a mean PCI value of M=0.41 using 
steady-state HR with a standard deviation of SD=0.11. The
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Study conducted by Nene (1993) most resembled this study.
He gathered PCI values in normal subjects between the ages 
of 19-60 years old. The PCI values that Nene reported 
(M=0.36) were similar to those found in this study.
The researchers calculated a 95% confidence interval 
which revealed PCI values between [0.36,0.41]. Other 
studies showed PCI values which fall within this range (Nene 
1993, Butler et al. 1984, and Rose 1990).
Subjects' walking speed ranged from 1.16 m/s to 1.86 
m/s with a mean of M=1.45 m/s and SD= 0.2.5 m/s. Walking 
speeds were faster than those reported by Nene who tested 4 0 
adults ages 19-60 (M=1.16 m/s, SD=0.11) and MacGregor who
tested 32 males (M=1.31 m/s) and 41 females (M=1.18 m/s) . 
MacGregor did not report standard deviations and age ranges. 
The faster walking speeds in this study may be attributed to 
having a younger sample population.
Trends
During data analysis it was observed that trends 
appeared in PCI values and resting HR values. The data 
showed a gradual increase in subjects' PCI values as the 
distances increased, which indicated increased energy
expenditure. This increase in PCI values can best be 
explained by the gradual increase in subjects' HR as it 
responded to walking demands while walking speed remained at 
a relatively fixed rate.
Anticipatory changes were noted in some subjects' 
resting HR. During the five minute rest phase the subjects 
reached their lowest HR before the end of the 5 minutes. As 
subjects anticipated the beginning of testing, their HR 
would increase as much as 10 bpm. To account for these 
changes the resting HR was defined as the lowest recorded 
value during the 5 minute rest period.
As the end of the walk was anticipated, most subjects' 
HR increased above previously stable levels. As a result of 
this trend, the target distance of 440 meters was chosen to 
ensure that steady state HR had been reached. Based on the 
literature concerning steady state HR, 4-5 minutes is an 
adequate amount of time for one to reach steady state HR. 
Most subjects required between 4-5 minutes to reach 440 
meters which ensured that steady state HR had been achieved.
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Limitations
The limitations of this study fall into categories 
dealing with subjects, testing, equipment, and clinical 
application. The first limitation related to subjects is 
one of demographics. A large percentage (80%) of the 
subjects in this study were physical therapy students. The 
two-tailed significance test did not reveal significant 
differences between fit and non-fit subjects, however, the 
subjects who did not meet this study's criteria for being 
fit, may still represent a population that demonstrates more 
personal health and fitness. In addition, subjects may also 
have been affected by the environment in which data were 
collected. Many subjects noted how quiet the room was and 
how self-conscious they felt, which could have affected HR. 
Lastly, monitoring HR and walking speed required that 
researchers stand close to the track as subjects walked by. 
This close observation of subjects may have raised anxiety 
levels and affected the subjects' HR.
Testing error may have affected the reliability of the 
data collected. Time and HR were recorded as subjects
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passed distance markers. Any error in recording the exact 
time and HR as subjects passed distance intervals could have 
affected PCI values.
Equipment limitation may have also affected the 
results. The HR monitor measured HR by taking an average of 
the last five heart beats, hence the monitor did not allow 
instantaneous HR monitoring. This indicates that the HR 
recorded may not have been the subjects' actual HR at the 
specified distance.
A clinical limitation to this study is that the PCI 
values were calculated using normal walking speeds which 
ranged between 1.16 m/s and 1.86 m/s. However, clinical 
subjects, who may have impairments in gait, may walk at 
speeds less than 1.16 m/s. Therefore, the shortest distance 
in this study (80m), which correlated well with the target 
distance (44 0m), may not be applicable to subjects who have 
slower walking speeds.
Strengths
This study's methods had strengths over previous 
studies. First, other studies had subjects stand longer 
before beginning to walk to ensure that HR returned to
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resting levels (Nene, 1992). However, it was decided that 
the best way to replicate a clinical setting would be to 
have subjects pause 10 seconds before walking begins. Ten 
seconds is sufficient time for patients to gain balance, 
align assistive devices, and allow therapists to obtain 
proper positioning before ambulation. Second, previous 
researchers had not addressed the difference between steady 
state HR and HR values prior to steady state in determining 
PCI values. By including multiple distances a 
determination can be made of the shortest distance at which 
prior to steady state HR PCI values still correlate well 
with steady state HR PCI values. Third, this study tested a 
larger number of subjects over a smaller age range than past 
studies (Nene, 1993). Through this method PCI values for 
the 20-30 year-old university student population were 
developed.
Suggestions for Further Research
There are several ways that this study could be 
expanded in the future. First, the use of more 
sophisticated equipment that measures HR and time 
simultaneously could reduce both researcher error and
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subject anxiety due to human observation. This equipment 
might consist of electronic timing and HR telemetry devices 
that could project information directly to a computer.
Second, PCI values should be developed at specific 
times instead of distances. For example, HR could be 
monitored at 10 second intervals over a 5 minute period.
This method could possibly provide valid PCI values for 
distances shorter than those stated in this study secondary 
to slower walking speeds. This information could be 
beneficial for clinical use with patients who ambulate short 
distances at slow speeds.
Third, there is a need for further research on 
different age ranges. Research done on the PCI for specific 
age ranges is limited. Additional PCI values for normal 
individuals in the 30-40 year, 40-50 year, 50-60 year, and 
geriatric populations should be developed.
Fourth, PCI values for specific populations should be 
developed. For example, it would be beneficial for a health 
care worker to compare the PCI of a patient with a below- 
knee amputation to PCI values of other patients with below- 
knee amputations.
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Conclusion
This study determined that a relationship exists 
between PCI values developed with both steady state HR and 
prior to steady state HR. The shortest distance at which a 
significant relationship exists is 80 meters. In addition, 
a baseline of PCI values for normal university students 
between the ages of 20 and 30 years old was developed.
The results of this study will benefit physical 
therapists and other health care professionals in the 
following ways. First, the PCI can be used in the clinical 
setting for patients who are able to walk 80 meters 
(approximately 1 minute), but are unable to walk for the 2-3 
minutes necessary to establish steady state heart rates 
(Astrand and Rodahl, 1970) . Second, baseline values for the 
specific age group of 20-30 year-olds will allow a 
comparison of patients' PCI values to those of non-involved 
individuals. Third, patient PCI values will aid the 
physical therapist in determining effectiveness of 
treatment, evaluating orthoses, determining patient 
limitations, documenting patient improvement and evaluating
potential for rehabilitation through comparison to the 
baseline values established in this study.
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Informed Consent Form
Purpose of the research
I understand that this is a study of how heart rate changes 
in response to walking. Knowledge gained from this study 
will help Physical Therapists know how heart rate should 
respond in their patients during walking.
Procedures
I understand that: 1) the test requires that I sit quietly
for 5 minutes while wearing a heart rate monitor on my chest 
and wrist. 2) I will walk at my preferred walking speed 
for 600 meters (about 5 minutes) at 3-4 miles per hour while 
wearing a heart rate monitor.
Risks
I understand that it is not anticipated that this study will 
lead to physical or emotional risks beyond normal walking.
Benefits
I understand that this study will not benefit me personally. 
The major potential benefit is to determine how heart rate 
responds to walking.
Confidentiality
I understand that the information I provide and the data 
collected will be kept confidential.
Requests for more information
I understand that I may ask questions about the study at any 
time.
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Withdrawal/Refusal of participation
I understand that my participation is voluntary and that I 
may refuse to participate or stop participating at any time. 
I also understand the researchers can terminate my 
participation in the study at any time after they have 
explained the reasons for doing so.
I have explained to_______________________the purpose of
the research, the procedures required and the possible risks 
and benefits to the best of my ability.
Investigator Date
I confirm that the researchers have explained to me the 
purpose of the research, the study procedures, the possible 
risks and discomforts as well as benefits I may experience.
I have read and I understand this consent form. Therefore,
I agree to give my consent to participate in this project.
Participant Date
Witness to signature Date
If you have any concerns or questions please feel free to 
contact any of the following people:
Researchers :
Devin DeBoer John Heyerman Robert Stout
772-5469 395-6130 457-7217
Research Review committee Chairperson:
Professor Huizenga 
895-2472
A PPEN D IX  B 
HEALTH ASSESSM ENT QUESTIONNAIRE
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Health Assessment Questionnaire 
THIS INFORMATION WILL BE KEPT CONFIDENTIAL
General Information
Name : Sex :
Age :_______  Telephone:
£gxsonaX Health.. Hi story
(Check those that apply. Leave others blank)
Are you currently taking medications for high blood 
pressure?
Has a doctor ever said that you had heart trouble?
Have you ever had chest discomfort brought on by 
exercise and relieved by rest?
Do you have irregular heart beats from time to time? 
Do you often have difficulty breathing?
Do you tire easily during everyday activities?
Do you have swollen, stiff or painful joints?
47
Have you ever had muscle, bone or joint illnesses or 
injuries (including your back) in the past?
Describe :
Do you have any muscle, bone or joint problems 
(including you back) that affect you now? 
Describe :
Do you have any neuromuscular problem that affects you 
now?
Describe :
Fitness Level
Do you exercise for a minimum of 20 minutes, 3 times a 
week and have you done so for the last 6 months?
Current Status
Have you consumed any caffeine, alcohol, or drugs in 
the past 2 hours?
A PPEN D IX  C 
DATA COLLECTION SHEET
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Data Collection Sheet
Subject Name:_________________________________
Consent form completed:____ Subject #_____
Resting HR:___
Distances: Time: HR:
10 M__________________________________________
2.Q-.M_________________________________________________
40 M__________________________________________
60 M__________________________________________
80 M_________________________________________
lOOM__________________________________________
120M__________________________________________
160M__________________________________________
20 OH__________________________________________
240M__________________________________________
280M_________________________________________
320 M_________________________________________
360 M_________________________________________
400 M_________________________________________
440 M_________________________________________
480 M_________________________________________
520 M_________________________________________
560 M_________________________________________
600M____________________________________________________
A PPEN D IX  D 
RAW DATA
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Subject
1
51
Raw Data
D istance Tim e (sec ) Walking HR R esting HR
10 6 .63 100 70
20 13.38 92 70
4 0 26.71 103 70
60 40.41 107 70
80 53 .6 0 104 70
100 6 6 .4 7 106 70
120 79 .3 9 107 70
160 105 .74 104 70
2 0 0 131 .89 103 70
2 4 0 157 .67 105 70
2 8 0 183 .00 102 70
320 2 07 .96 107 70
360 2 33 .32 105 70
4 0 0 2 58 .52 107 70
4 4 0 2 83 .87 105 70
10 8.43 86 62
20 16.69 78 62
4 0 34 .2 0 82 62
60 5 0 .4 9 83 62
80 6 6 .7 9 84 62
100 83 .0 5 85 62
120 98 .7 8 82 62
160 130 .40 81 62
2 0 0 162 .17 80 62
2 4 0 194 .59 80 62
2 8 0 2 2 7 .17 81 62
320 2 5 8 .50 80 62
360 2 9 0 .43 82 62
4 0 0 322 .40 83 62
4 4 0 354.91 79 62
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Subject
3
D istance Tim e (se c ) W alking HR R esting HR
10 7.21 90 58
2 0 14 .35 8 9 58
4 0 2 8 .9 8 8 9 58
6 0 4 3 .7 4 89 58
8 0 5 8 .6 4 87 58
100 7 3 .0 8 87 58
120 8 7 .6 2 83 58
160 116 .54 85 58
2 0 0 145 .87 85 58
2 4 0 175 .07 85 58
2 8 0 2 0 4 .4 3 89 58
320 2 3 3 .6 5 88 58
360 2 6 2 .8 0 88 58
4 0 0 2 9 1 .8 5 87 58
4 4 0 3 2 1 .1 0 87 58
10 7 .95 7 6 53
2 0 14.26 68 53
4 0 2 7 .3 7 79 53
6 0 4 0 .7 3 9 4 53
80 54 .4 2 85 53
100 67.51 87 53
120 80 .2 8 86 53
160 106 .34 88 53
2 0 0 132 .29 83 53
2 4 0 158 .60 79 53
2 8 0 185 .25 80 53
320 2 1 2 .7 5 85 53
360 2 3 9 .9 9 7 9 53
4 0 0 2 6 7 .6 7 7 9 53
4 4 0 2 9 4 .9 8 79 53
53
Subject D istan ce Tim e (se c )  Walking HR R esting HR
5 10  5 .95  99 73
20  12 .28  99 73
4 0  2 5 .2 6  106 73
6 0  3 8 .7 4  108 73
8 0  5 2 .1 0  107 73
100 66.01 108 73
120  7 9 .6 2  107 73
160 10 7 .5 2  103 73
2 0 0  13 4 .7 8  105 73
2 4 0  16 2 .6 3  102 73
2 8 0  190 .25  102 73
32 0  2 1 8 .2 8  104 73
36 0  2 4 6 .5 5  102 73
4 0 0  2 7 5 .1 3  102 73
4 4 0  3 0 3 .8 4  101 73
10 6 .7 7  106 85
2 0  1 3 .14  108 85
4 0  2 6 .5 3  118 85
6 0  4 0 .0 5  124 85
80  5 3 .4 6  123 85
100 6 6 .7 5  126 85
120  7 9 .9 8  129 85
160  10 7 .0 3  128 85
2 0 0  13 3 .5 5  127 85
2 4 0  16 0 .3 5  129 85
2 8 0  186.21 131 85
3 2 0  2 1 2 .5 8  129  85
3 6 0  2 3 9 .1 8  134  85
4 0 0  2 6 5 .8 9  135 85
4 4 0  2 9 3 .0 7  134 85
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Subject
7
D istance Tim e (se c ) Walking HR R esting HR
10 6 .5 6 109 57
20 1 2 .34 94 57
40 2 4 .0 8 98 57
60 3 6 .4 5 100 57
80 4 7 .8 4 99 57
100 6 0 .3 6 99 57
120 7 2 .5 2 100 57
160 9 6 .6 8 97 57
200 120 .99 96 57
2 4 0 145.21 98 57
280 169 .24 95 57
320 193 .40 99 57
360 2 1 7 .0 9 98 57
4 0 0 240.71 101 57
4 4 0 2 6 4 .1 8 99 57
10 6 .5 8 90 60
20 13 .64 87 60
40 2 7 .8 5 99 60
60 4 2 .6 3 101 60
80 5 7 .1 9 98 60
100 7 1 .8 3 97 60
120 8 6 .3 5 9 6 60
160 115.91 96 60
200 145 .57 96 60
2 4 0 174 .96 96 60
2 8 0 2G4.51 98 60
320 2 3 3 .9 9 96 60
360 2 6 3 .6 4 97 60
40 0 2 9 3 .1 3 100 6 0
4 4 0 3 2 1 .9 4 100 60
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Subject D istance Tim e (se c )  W alking HR R esting HR
9 10 6 .95  98  60
2 0  13 .66  100  60
4 0  2 7 .1 0  101 60
6 0  4 0 .7 8  9 5  60
80  54 .13  9 4  60
100 6 7 .6 8  8 9  60
120 81 .02  9 0  60
160 107 .32  9 5  60
2 0 0  133 .63  95  60
2 4 0  159 .89  96  60
2 8 0  186 .07  94  60
3 2 0  2 1 2 .3 4  93  60
3 6 0  2 3 7 .9 8  97  60
4 0 0  2 6 3 .6 8  94  60
4 4 0  2 8 9 .5 9  92  60
10 10 8 .58  113  63
20  15 .59  6 4  63
4 0  31 .48  9 0  63
60  4 6 .5 6  104  63
80  6 1 .7 8  100  63
100 76.51 102  63
120 91 .40  95  63
160 121 .73  88  63
2 0 0  152 .44  92  63
2 4 0  184 .15  83  63
2 8 0  2 1 6 .6 0  8 5  63
3 2 0  2 4 8 .8 4  7 8  63
3 6 0  2 8 0 .4 2  9 8  63
4 0 0  3 1 3 .4 2  9 0  63
4 4 0  3 4 5 .2 5  93  63
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Subject
11
12
D istance Tim e (s e c ) Walking HR R esting HR
10 7 .5 0 82 61
20 13.51 80 61
40 2 7 .0 7 87 61
6 0 4 1 .2 6 84 61
80 5 4 .9 2 87 61
100 68.81 87 61
120 8 2 .7 0 87 61
160 11 0 .4 4 85 61
200 13 8 .4 7 84 61
240 16 6 .9 3 83 61
280 19 4 .7 4 88 61
320 2 2 2 .5 0 86 61
360 250 .91 83 61
40 0 2 7 9 .8 9 83 61
44 0 3 0 9 .4 7 80 61
10 7 .0 8 90 64
20 14 .74 96 64
4 0 2 9 .7 2 105 64
60 4 4 .6 7 102 64
80 59.01 104 64
100 7 3 .9 7 105 64
120 88.51 108 6 4
160 11 8 .1 2 110 6 4
200 14 7 .4 7 112 6 4
240 17 6 .6 8 109 6 4
280 2 0 6 .5 9 109 6 4
320 236 .11 106 6 4
360 2 6 6 .3 3 108 6 4
4 0 0 2 9 5 .7 3 111 6 4
4 4 0 3 2 5 .9 2 108 6 4
57
Subject
13
14
D istance Tim e (se c ) Walking HR R esting HR
10 4 .4 5 6 4 4 4
20 9 .94 6 6 4 4
4 0 2 1 .3 4 70 4 4
60 32.81 73 4 4
80 4 4 .3 0 76 4 4
100 5 6 .0 4 75 4 4
120 6 7 .3 8 76 4 4
160 9 0 .6 5 71 4 4
2 0 0 113 .23 70 4 4
2 4 0 136 .45 74 4 4
2 80 159 .39 71 4 4
3 20 182 .22 71 4 4
360 2 0 4 .9 2 72 4 4
4 0 0 2 2 7 .9 9 73 4 4
4 4 0 2 5 0 .9 7 71 4 4
10 5 .08 111 72
20 10.54 112 72
40 2 2 .5 3 116 72
60 3 3 .5 2 120 72
80 4 5 .4 6 117 72
100 57.31 113 72
120 6 9 .4 2 115 72
160 93.71 112 72
2 0 0 118 .42 113 72
2 4 0 143 .67 109 72
2 8 0 1 68 .94 110 72
320 1 94 .46 111 72
360 2 2 0 .1 7 112 72
4 0 0 2 4 6 .5 7 110 72
4 4 0 2 7 2 .0 9 112 72
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Subject D istan ce Time (se c )  Walking HR R esting HR
15 10 5 .45  101 68
20  11 .13  100  68
4 0  2 2 .8 4  108  68
60  3 4 .85  113 6 8
80  4 6 .4 3  114 6 8
100  58 .38  114  6 8
120  6 9 .7 5  115  68
160 93 .20  116  68
2 0 0  116 .76  119  68
2 4 0  140 .32  118  6 8
2 8 0  163 .90  116 6 8
32 0  187 .65  121 68
360  211.01 122 68
4 0 0  2 3 4 .4 9  121 68
4 4 0  2 5 8 .2 4  120  68
16 10 7 .43  9 2  68
2 0  14.53 89  68
4 0  28.71 9 7  68
6 0  4 2 .6 7  102 68
80  56 .95  9 9  68
100 71 .22  101 68
120 84 .96  109  68
160 112 .16  107  68
20 0  138 .90  113 68
24 0  165 .94  114  6 8
28 0  193.21 104 68
320  220.31 107 6 8
360  2 4 6 .7 3  110 68
4 0 0  272 .91  114  6 8
4 4 0  2 9 9 .1 7  108 68
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Subject
17
18
D istance Tim e (se c ) Walking HR R esting
10 6 .99 9 0 71
20 13 .96 92 71
4 0 2 7 .2 0 104 71
60 4 0 .0 7 101 71
80 5 2 .7 2 108 71
100 6 5 .4 7 108 71
120 7 8 .2 5 108 71
160 103 .74 110 71
2 0 0 129 .54 112 71
2 4 0 155 .44 110 71
2 8 0 181 .54 109 71
320 2 0 7 .7 6 110 71
360 2 3 3 .9 2 107 71
4 0 0 2 5 9 .9 9 109 71
4 4 0 2 8 5 .9 5 110 71
10 7 .68 67 41
20 14 .55 69 41
40 2 8 .3 6 8 0 41
60 4 3 .0 7 8 4 41
80 5 6 .8 5 8 3 41
100 71.41 8 4 41
120 8 5 .6 4  .. 82 41
160 114.71 81 41
20 0 . 144 .33 79 41
240 174 .22 79 41
280 2 0 3 .7 5 79 41
320 2 3 2 .5 7 83 41
360 2 6 1 .4 2 83 41
4 0 0 2 8 9 .7 7 87 41
4 4 0 3 1 7 .6 0 85 41
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Subject
19
20
D istance Tim e (se c ) Walking HR R esting HR
10 8 .8 4 94 65
20 16.91 94 65
4 0 32 .50 98 65
60 4 8 .3 0 96 65
80 6 3 .0 7 95 65
100 7 7 .9 8 101 65
120 9 2 .6 2 97 6 5
160 121.76 99 65
2 0 0 151.41 97 6 5
2 4 0 181.76 97 65
2 8 0 211 .72 101 65
32 0 24 2 .2 7 97 6 5
2 4 0 181.76 101 6 5
36 0 27 2 .3 8 100 6 5
4 0 0 303.21 100 6 5
4 4 0 33 4 .2 4 104 65
10 8 .90 79 57
20 17.51 80 57
40 34.91 91 57
60 51 .99 84 57
80 6 9 .0 6 86 57
100 8 6 .0 4 86 57
120 102.81 83 57
160 136.37 79 57
2 0 0 169.55 81 57
2 4 0 20 2 .5 8 80 57
28 0 23 5 .9 0 83 57
320 26 9 .1 3 82 57
36 0 302 .26 79 57
4 0 0 335 .99 86 57
4 4 0 368.51 83 57
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Subject
21
22
D istance Tim e (se c ) Walking HR R esting HR
10 7 .2 9 94 73
20 14 .83 94 73
4 0 2 9 .3 5 112 73
60 4 3 .0 8 110 73
80 5 6 .7 4 115 73
100 7 0 .4 2 116 73
120 8 4 .6 2 112 73
160 1 12 .48 116 73
20 0 1 4 0 .8 0 110 73
240 169 .39 110 73
28 0 1 9 6 .9 7 116 73
320 2 2 5 .0 0 118 73
3 60 2 5 3 .1 3 119 73
40 0 2 8 1 .0 0 118 73
44 0 3 0 8 .3 0 118 73
10 6 .4 4 95 71
20 13 .24 90 71
4 0 2 6 .9 5 97 71
60 4 0 .9 5 100 71
80 5 4 .9 9 101 71
100 6 8 .5 2 100 71
120 8 2 .0 5 103 71
160 1 0 9 .5 6 102 71
20 0 1 36 .63 102 71
24 0 1 64 .59 101 71
28 0 1 92 .02 99 71
320 2 1 9 .1 4 104 71
360 2 4 6 .7 0 108 71
4 0 0 2 7 4 .2 7 103 71
4 4 0 301.81 106 71
62
Subject
23
24
D istance Tim e (sec ) Walking HR Resting HR
10 7.27 80 57
20 14.68 83 57
40 2 9 .9 3 84 57
60 44.81 83 57
80 6 0 .0 8 86 57
100 7 5 .1 8 84 57
120 9 0 .2 8 88 57
160 120.61 79 57
2 00 150.55 83 57
2 4 0 180.01 82 57
2 80 2 0 9 .2 5 83 57
320 2 3 8 .5 8 83 57
360 2 6 8 .8 5 80 57
4 0 0 299.11 78 57
4 4 0 3 2 9 .1 7 80 57
10 7.81 92 69
20 15 .08 98 69
4 0 2 9 .3 8 102 69
60 4 3 .7 7 99 69
80 58 .75 98 69
100 7 3 .4 9 98 69
120 87 .45 100 69
160 115 .77 100 6 9
200 143 .23 100 6 9
240 171.29 97 69
280 199 .02 101 6 9
320 226.41 98 69
360 2 5 3 .5 5 100 69
4 0 0 2 8 0 .2 5 100 6 9
4 4 0 3 0 7 .5 6 101 69
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Subject
25
26
D istance Tim e (se c ) Walking HR R esting HR
10 6 .2 5 100 75
2 0 13 .02 94 75
4 0 2 6 .5 7 102 75
6 0 3 9 .4 0 104 75
80 5 2 .1 4 107 75
100 6 5 .1 8 108 75
120 7 8 .1 2 107 75
160 104 .58 106 75
2 0 0 131.01 104 75
2 4 0 157 .35 101 75
2 8 0 183 .63 105 75
320 2 1 0 .2 5 104 75
360 2 3 6 .5 0 107 75
4 0 0 2 6 2 .7 2 104 75
4 4 0 2 8 8 .9 5 103 75
10 5 .88 98 74
20 12.31 103 74
4 0 2 5 .3 0 115 74
6 0 38.51 113 74
80 5 2 .1 9 114 74
100 6 5 .4 5 120 74
120 7 8 .9 4 121 74
160 104 .98 122 74
20 0 131 .43 121 74
240 158 .07 122 74
28 0 1 84 .97 123 74
320 2 1 2 .2 5 123 74
360 2 3 7 .9 9 127 74
4 0 0 264.31 124 74
440 2 9 0 .7 3 129 74
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Subject D istance Tim e (se c )  Walking HR R esting HR
2 7  10 5 .2 5  115 76
20  10 .72  114 76
4 0  2 .4 0  115 76
6 0  3 2 .2 9  125 76
80  4 3 .0 9  125 76
100  5 3 .6 2  132 76
120  6 4 .1 2  134 76
160  8 5 .1 7  133 76
2 0 0  106 .26  135 76
2 4 0  128 .18  129 76
2 8 0  149.71 131 76
32 0  171 .58  130  76
36 0  193 .05  135 76
4 0 0  214 .91  132 76
4 4 0  2 3 6 .3 0  132 76
28  10 6 .2 8  87 66
2 0  1 2 .6 7  94 66
4 0  2 5 .1 3  114  66
60  3 8 .4 5  107  66
80  5 1 .6 9  99 66
100  65 .31  99 66
120  7 8 .8 8  99 66
160  106 .16  102 66
2 0 0  133 .62  93 66
2 4 0  160.51 98 66
2 8 0  187 .34  96 66
3 2 0  2 1 4 .6 4  96 66
3 6 0  2 4 1 .9 0  102 66
4 0 0  2 6 9 .2 6  94 6 6
4 4 0  2 9 6 .6 2  98  66
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Subject
29
30
D istance Tim e (se c ) W alking HR R esting HR
10 7.50 8 2 58
20 1 4 .89 9 0 58
40 2 9 .5 0 9 7 58
60 4 4 .2 0 8 9 58
80 5 8 .33 9 6 58
100 7 2 .5 5 9 7 58
120 8 6 .5 5 9 5 58
160 115 .06 9 7 58
2 00 1 43 .63 103 58
2 40 172.31 103 58
2 8 0 2 0 0 .5 0 9 8 58
320 227.81 108 58
360 2 5 5 .8 0 9 9 58
4 0 0 2 8 4 .2 5 108 58
4 4 0 31 3 .6 6 103 58
10 6 .7 4 7 5 6 0
20 12.95 7 6 60
4 0 5 2 .3 0 7 9 60
60 3 7 .8 8 91 60
80 5 0 .49 9 5 60
100 6 2 .6 3 9 7 60
120 7 4 .9 0 9 7 60
160 9 9 .50 9 6 6 0
2 0 0 1 25 .53 9 5 6 0
240 1 51 .57 9 3 6 0
280 1 77 .29 9 5 6 0
320 204.01 9 2 60
360 2 3 0 .1 6 9 4 60
4 0 0 2 5 5 .9 7 9 4 60
4 4 0 2 8 1 .7 6 9 5 6 0
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Subject
31
32
D istance Tim e (s e c ) Walking HR R esting HR
10 8 .10 95 8 7
20 16.72 102 87
4 0 3 3 .5 5 113 87
60 5 1 .2 7 111 87
80 6 8 .6 6 104 87
100 85.61 110 87
120 102 .35 117 87
160 137 .69 112 8 7
2 0 0 172 .32 107 87
2 4 0 2 0 6 .7 7 110 87
2 8 0 241.21 109 87
320 2 7 5 .8 3 108 8 7
3 60 3 1 0 .1 2 113 87
4 0 0 3 4 4 .6 5 113 87
4 4 0 3 7 8 .5 7 112 87
10 6 .3 8 106 77
20 12 .23 103 77
40 24.31 113 7 7
60 3 6 .1 7 119 7 7
80 4 7 .6 5 117 77
100 5 9 .4 9 117 77
120 7 1 .2 0 115 77
160 94.61 121 77
20 0 118 .75 119 77
24 0 142 .65 119 7 7
280 166 .78 120 7 7
320 191 .27 121 77
360 2 3 5 .9 7 120 77
40 0 2 4 0 .3 9 120 77
4 4 0 265.11 120 77
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S ubject D istance Tim e (se c )  Walking HR R esting HR
33 10 7 .18  100  72
20  14.71 92  72
4 0  3 0 .9 4  101 72
60  4 7 .3 9  101 72
80 63.41 101 72
100 8 0 .9 9  101 72
120 9 5 .6 9  102  72
160 128 .29  105  72
2 0 0  161 .46  100 72
2 4 0  194 .85  101 72
2 8 0  22 8 .6 9  104  72
320  2 6 7 .8 9  101 72
360  2 9 6 .7 9  105  72
4 0 0  3 3 1 .3 4  103  72
4 4 0  3 6 6 .4 6  105  72
34 10 6 .5 0  124 76
2 0  13 .16  85  76
4 0  2 7 .1 3  108 76
6 0  4 1 .3 6  113 76
80  55 .05  112 76
100 6 8 .8 5  113 76
120 8 2 .5 9  112 76
160 111 .36  110  76
2 0 0  139 .93  110  76
2 4 0  168 .73  112 76
2 8 0  198.01 107  76
320  2 2 7 .2 9  111 76
360  2 5 6 .0 3  113  76
4 0 0  2 8 4 .7 4  108  76
4 4 0  313 .83  110  76
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Subject
35
36
D istance Tim e (se c ) W alking HR R esting HR
10 6 .4 0 7 5 53
2 0 13 .19 7 6 53
4 0 2 6 .1 9 81 53
6 0 3 9 .3 0 91 53
80 5 2 .5 0 93 53
100 65.11 103 53
120 7 8 .2 2 9 9 53
160 103 .76 95 53
2 0 0 128 .94 9 3 53
2 4 0 154 .63 89 53
2 8 0 180 .57 85 53
32 0 2 0 6 .3 8 88 53
36 0 2 3 2 .5 3 87 53
4 0 0 2 5 8 .5 8 89 53
4 4 0 2 8 4 .5 3 8 9 53
10 7 .10 96 84
2 0 1 4 .26 9 7 84
4 0 2 8 .1 5 107 84
6 0 4 1 .6 9 111 84
80 5 4 .9 4 115 84
100 6 8 .0 2 112 84
120 8 0 .9 5 114 84
160 107.21 111 84
2 0 0 134 .08 113 84
2 4 0 160 .69 112 84
2 8 0 187 .84 111 84
3 2 0 215.11 107 84
3 6 0 2 4 3 .1 7 112 84
4 0 0 2 7 0 .4 4 113 84
4 4 0 297.61 111 8 4
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Subject
37
38
D istance Tim e (se c ) Walking HR R esting HR
10 6 .9 5 85 58
20 13.62 89 58
40 2 6 .3 2 89 58
60 3 9 .2 8 89 58
80 5 1 .7 9 117 58
100 6 4 .2 5 120 58
120 7 7 .0 6 120 58
160 102 .89 118 58
2 0 0 1 28 .93 118 58
2 4 0 1 55 .15 118 58
280 181.01 118 58
320 2 0 7 .1 9 118 58
360 2 3 3 .1 0 118 58
4 0 0 2 5 9 .0 2 118 58
4 4 0 2 8 4 .6 3 121 58
10 6 .9 9 94 73
20 14.22 94 73
4 0 28.61 104 73
60 4 2 .7 2 102 73
80 5 6 .83 105 73
100 7 1 .2 0 104 73
120 8 5 .3 7 103 73
160 1 14 .76 99 73
2 0 0 144 .34 99 73
2 4 0 173.91 97 73
2 8 0 2 0 3 .3 5 97 73
320 2 3 3 .2 4 96 73
360 2 6 2 .3 4 96 73
4 0 0 2 9 1 .8 3 97 73
4 4 0 3 2 1 .0 6 94 73
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Subject
39
4 0
D istance Tim e (sec ) W alking HR R esting HR
10 6 .15 95 69
2 0 1 2 .49 89 69
4 0 2 5 .2 6 94 69
6 0 3 7 .9 5 97 6 9
80 5 0 .5 2 100 6 9
1 00 63.01 100 6 9
1 20 7 5 .3 5 101 69
1 60 9 9 .9 5 102 69
2 0 0 1 24 .30 105 69
2 4 0 148 .37 103 69
2 8 0 1 72 .58 105 69
3 2 0 1 96 .78 105 69
3 6 0 2 2 1 .5 6 105 69
4 0 0 2 4 6 .7 5 104 69
4 4 0 2 7 1 .8 6 103 69
10 7 .83 94 72
2 0 15.42 92 72
4 0 2 9 .9 4 94 72
6 0 4 4 .4 9 94 72
80 5 8 .2 2 94 72
1 00 7 2 .6 2 94 72
120 8 6 .62 92 72
160 114 .50 90 72
2 0 0 142 .12 91 72
2 4 0 169 .79 93 72
2 8 0 197 .58 95 72
3 2 0 225.31 93 72
3 6 0 2 5 3 .3 0 93 72
4 0 0 2 8 1 .1 3 94 72
4 4 0 308.61 93 72
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Subject
41
42
D istance Tim e (se c ) Walking HR R esting HR
10 6 .53 89 77
20 12.91 91 77
4 0 2 5 .8 9 106 77
6 0 3 8 .5 0 111 77
80 5 1 .4 3 106 77
100 6 4 .1 0 107 77
120 7 6 .8 8 105 77
160 102.36 103 77
200 127.98 103 77
240 154.01 105 77
280 178.97 106 77
3 20 20 3 .9 6 104 77
3 60 228.51 100 77
4 0 0 25 3 .5 0 104 77
4 4 0 27 8 .3 3 99 77
10 8 .40 105 73
2 0 17 .10 106 73
4 0 3 3 .8 6 122 73
60 50 .49 117 73
80 6 6 .9 8 113 73
100 8 3 .5 8 112 73
120 9 9 .9 8 112 73
160 132.75 114 73
20 0 164.94 114 73
24 0 197.71 117 73
28 0 2 2 9 .6 4 111 73
3 20 2 6 2 .2 0 118 73
360 29 3 .7 3 120 73
4 0 0 325 .43 116 73
4 4 0 357 .60 116 73
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Subject
43
44
D istance Tim e (sec ) Walking HR R esting HR
10 5 .86 109 84
20 12.54 109 84
4 0 2 4 .9 9 109 84
60 3 7 .68 120 84
80 5 0 .16 122 84
100 6 2 .6 8 119 84
120 74 .86 119 84
160 99 .23 119 84
20 0 123.21 120 84
2 4 0 146 .28 120 84
28 0 169.16 120 84
320 192.16 120 84
36 0 215.21 128 84
4 0 0 23 8 .4 6 127 84
4 4 0 2 6 0 .8 2 132 84
10 6.81 83 60
20 13.72 91 60
4 0 26.91 103 60
6 0 39 .87 107 60
80 52 .33 113 60
100 6 4 .6 6 114 60
120 77 .12 116 60
160 102.57 114 60
2 0 0 127 .24 117 60
2 4 0 151.26 117 60
28 0 175.30 122 60
320 20 0 .0 7 120 60
36 0 224.81 121 60
4 0 0 2 4 8 .4 9 121 6 0
4 4 0 2 7 2 .0 4 126 60
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S ubject D istan ce Tim e (se c )  W alking HR R esting HR
4 5  10  5 .60  108  71
2 0  11 .80  117  71
4 0  2 4 .1 7  120  71
6 0  3 6 .5 6  116  71
8 0  4 8 .8 6  114  71
100  6 0 .9 8  121 71
120 7 3 .5 3  120  71
160 9 8 .8 9  116  71
2 0 0  124.51 115  71
2 4 0  149 .72  115  71
2 8 0  174 .65  115  71
32 0  2 0 0 .0 2  113  71
36 0  2 2 5 .0 0  112  71
4 0 0  2 5 0 .0 6  118  71
4 4 0  2 7 5 .3 7  111 71
4 6  10 5 .59  102  79
2 0  11.71 108  79
4 0  2 3 .9 7  113  79
6 0  3 6 .3 0  114  79
8 0  48 .71  119 79
1 00  6 1 .3 7  118  79
120 7 3 .8 5  119 79
1 60  9 8 .9 5  120  79
2 0 0  124 .24  122 79
2 4 0  149 .02  120 79
2 8 0  173 .83  120  79
3 2 0  199 .16  122 79
3 6 0  2 2 5 .2 0  118 79
4 0 0  250 .61  123  79
4 4 0  276 .51  123 79
